Background: The 22q11.2 chromosome deletion syndrome occurs at a frequency of 1 in 4000 live births. Fluorescent in situ hybridization is a reliable means of testing for this genetic abnormality.
I
N 1978, Shprintzen et al 1 first described the velocardiofacial syndrome when they reported on a series of patients with a particular constellation of findings including conotruncal cardiac anomalies, dysmorphic facial features, and palatal dysfunction. Along with his colleagues, Shprintzen further elucidated the characteristics and diagnostic findings of this syndrome. [1] [2] [3] [4] [5] In 1982, at The Children's Hospital of Philadelphia (CHOP), Philadelphia, Pa, a patient with DiGeorge syndrome was found to have a deletion on the long arm of chromosome 22 using fluorescent in situ hybridization (FISH) techniques. 6 In further studies, a submicroscopic deletion of the long arm of chromosome 22 (22q11.2) has been identified in most patients with DiGeorge, velocardiofacial, and conotruncal anomaly face syndromes. 7, 8 Some patients with Opitz G/BBB and Cayler cardiofacial syndromes also have the deletion. 9, 10 The 22q11.2 chromosome deletion syndrome occurs at a frequency of 1 in 4000 live births. 11 In addition to the characteristic pattern of conotruncal cardiac anomalies, a significant number of common otolaryngologic problems are found in these syndromes. These include velopharyngeal insufficiency, cleft palate, characteristic facial dysmorphisms, otitis media, sinorhinitis, hearing loss, speech and language difficulties, feeding problems, gastroesophageal reflux, as well as congenital airway and vascular abnormalities.
At CHOP, a large multidisciplinary clinic is dedicated to the care of children with the 22q11.2 deletion syndrome. Patients are evaluated by members of the genetics, plastic surgery, immunology, endocrine, speech pathology, pediatrics, and otolaryngology divisions of the institution. The main objective of the present study was to describe the otolaryngologic manifestations in a randomly selected group of 102 patients seen over an 8-year period.
METHODS
We performed a retrospective medical record review of the outpatient records from the Genetics Department of CHOP. In total, 102 patients were randomly selected using the first 102 patients from an alphabetical listing. All patients had a 22q11.2 deletion confirmed by FISH analysis. Each patient was evaluated by the multidisciplinary 22q11.2 clinic, which is coordinated by the Genetics Division. Patients are all first seen by genetics specialists and then sent to the various specialists at CHOP including otolaryngology, plastics, endocrinology, cardiology, general pediatrics, immunology, and audiology. The decision to send patients to the various specialists was based on patient needs, available time, and specialist availability.
Many patients were evaluated by a pediatric otolaryngologist in the outpatient clinic of the Otolaryngology Division. These patients underwent a complete otolaryngologic history review and physical examination including pneumatic otoscopy and/or microtympanostomy. In addition, many, but not all, patients underwent audiological testing that included sound field audiometry as a screening tool for infants and toddlers. Patients who had recent hearing evaluations outside of CHOP did not undergo a second testing unless the findings were abnormal. When sound-field testing findings were abnormal or indeterminate, children underwent brainstem evoked-response testing. Older children underwent pure-tone audiometry (voluntary or conditioned play audiometry).
From the medical record review, otological history was recorded including the presence or absence and duration of chronic otitis media with effusion or recurrent acute otitis media, as well as the dates of tympanostomy tube insertion, tympanomastoid ear surgery, and sequelae. When hoarseness was present and laryngeal abnormalities suspected, patients underwent flexible fiberoptic laryngoscopy with topical anesthesia.
Patients were evaluated for velopharyngeal insufficiency (VPI) by a pediatric plastic surgeon and speech pathologist (both experienced in diagnosing VPI), who physically examined the palates of all patients. The palate was inspected for the presence of a bony cleft as well as notching, dimpling, and a bifid uvula. All postlingual patients underwent perceptual speech examination by a speech pathologist experienced in evaluating speech as the initial screening for VPI. Prelingual patients were assessed for hypernasality by fluid reflux through the nose during feeding. When notable VPI was suspected from the speech evaluation findings and pharyngeal flap surgery was being considered, VPI was confirmed by nasopharyngoscopy in cooperative children or by videofluoroscopy in uncooperative children. Incomplete closure of the velum was considered confirmatory evidence of VPI. A palpable bony defect in the hard palate was considered a submucosal cleft, while an occult cleft was defined as a VPI, diagnosed by endoscopy or fluoroscopy, without a bony defect. Patients being considered for pharyngeal flap surgery underwent magnetic resonance angiography or computed tomography to determine the position of the carotid arteries.
We also recorded available data in several categories. Signs of facial dysmorphisms were recorded including eye, auricular, and nasal abnormalities. The results of standard palatal evaluations were reviewed including any functional or anatomic evaluation for velopalatal insufficiency. Next, general otolaryngologic problems were recorded including hearing loss, otitis media and sinorhinitis. All available audiometric data were included. In addition, abnormal airway and vascular findings were tabulated.
RESULTS

OVERALL DEMOGRAPHICS
Records of an otolaryngologic evaluation were found for 59 patients. The referral source was recorded on the medical chart for 90 of the 102 patients: 52 patients were referred to the multidisciplinary clinic by the genetics service; 22 by the cardiology service; 8 by the plastic surgery service; 2 by the speech service, 2 by the otolaryngology service, 2 by the rheumatology service, 1 by the immunology service, and 1 by the endocrinology service.
FACIAL DYSMORPHISMS
Dysmorphic facial features were extremely common in the 102 patients. Nasal abnormalities, with bulbous nasal tip being the most common, are listed below. Some the common features of a child with the 22q11.2 deletion syndrome can be seen in 
SPEECH AND PALATAL ABNORMALITIES
More than 70% of the patients had a history of significant speech problems or language delays. The most common speech abnormality was velopharyngeal insufficiency (hypernasal speech), which was diagnosed by perceptual voice analysis in 76 patients. Velopharyngeal insufficiency was confirmed by nasopharyngoscopy in 17 patients and by videofluoroscopy in 17 patients. In addition, an overt cleft palate was seen in 11 patients, a submucosal cleft in 14 patients, and an occult cleft of the palate in 6 additional patients. Uvular abnormalities, ranging from a grossly bi-fid uvula to minor dimpling, were seen in 23 patients in our cohort.
GENERAL OTOLARYNGOLOGIC PROBLEMS
A history of chronic or recurrent otitis media, defined as effusions lasting longer than 30 days or more than 3 episodes of acute otitis per year, was recorded in 53 patients. A history of myringotomy and tympanostomy tube placement was found for 24 patients. Eight patients had multiple sets of tubes. The mean age was 34.7 months at the time of the last tube placement. Most patients improved after insertion of tympanostomy tubes, although some continued to develop infections. Seventyone patients underwent audiometry. Hearing loss, as diagnosed by sound-field audiometry, pure-tone audiometry, or brainstem evoked-response testing, was found in 42 patients. Conductive hearing loss was the most common abnormality and seen in 32 patients. Two patients had evidence of sensorineural loss, 4 patients exhibited a mixed pattern, and another 4 had an indeterminate pattern at the time of testing.
AIRWAY, VASCULAR, AND SWALLOWING ABNORMALITIES
Congenital airway problems, while less common, occurred relatively frequently when considered as a group in this patient population. Nineteen patients who had signs or symptoms of airway obstruction were evaluated by airway fluoroscopy, flexible fiberoptic laryngoscopy, direct laryngoscopy, or bronchoscopy. Fourteen patients were found to have laryngotracheal abnormalities (listed below), with 3 subjects having multiple airway problems. Evaluation of the vascular anatomy was completed with magnetic resonance imaging, and arterial or venous phasing was performed on 11 patients. Two studies demonstrated medialization of the carotid arteries. Overall, vascular abnormalities were relatively uncommon in this group. Persistent feeding and swallowing difficulties were reported in 41 patients and gastroesophageal reflux in 61 patients.
Laryngotracheal
COMMENT
CLASSIFICATION AND DIAGNOSIS OF THE 22q11.2 SYNDROME
The use of FISH has improved our ability to make the diagnosis of the 22q11.2 deletion. 7 This technique has allowed the recognition of a shared common chromosomal defect among several distinct syndromes. We found considerable phenotypic overlap among patients listed as having velocardiofacial and DiGeorge syndromes. We were unable to separate the syndromes based on otolaryngologic features alone. Furthermore, a lack of reliable correlation between the velocardiofacial and DiGeorge syndromes and distinct loci on chromosome 22 made any attempt at subclassification of syndromes impossible.
12-14 Thus, we attempted to identify the more common features of all the 22q11.2 deletion as a single syndrome rather than several distinct syndromes.
In some children the 22q11.2 deletion syndrome may be difficult to recognize and diagnose. This is particularly true if the typical features are subtle or not present at all. For the otolaryngologist, this is of some concern because "routine" interventions such as an adenoidectomy or tonsillectomy may be of considerable detriment to these patients. Nonetheless, by recognizing the aforementioned findings it is possible to develop a strong clinical suspicion warranting further investigation with a FISH screen. The facial features can be highly variable and are frequently mild. Clinicians have reported on many of the features discussed herein, including characteristic facial dysmorphisms of the 22q11.2 syndromes as well as common otolaryngologic findings. [3] [4] [5] [15] [16] [17] [18] [19] In addition, many of the eye abnormalities have been described elsewhere. 18 While subtle and not the primary focus of the otolaryngologist, external eye findings in conjunction with other facial dysmorphisms can contribute to the recognizability of these patients (Figure 1 ).
SPEECH AND COMMUNICATION PROBLEMS
Speech and language difficulties were features also common to patients with the 22q11.2 deletion. A formal speech evaluation was performed on most patients in our cohort. Hypernasality, articulation errors, and problems with intelligibility are likely to be among the reasons requiring otolaryngologic evaluation. Most patients underwent speech therapy. This is in line with the findings of others. 3 The speech and language difficulties may be further confounded by neurodevelopmental problems frequently found in association with the 22q11.2 syndrome. 20, 21 Overall, presumptive evidence of velopharyngeal insufficiency was present in three quarters of the study population and was not limited to those patients with cleft palate abnormalities. Some patients manifested nasopharyngeal reflux, while others had varying degrees of hypernasality. Velopharyngeal wall dysmotility in the presence or absence of an overt submucous cleft palate are often cited as causative factors of VPI. 15 Often patients may have velopharyngeal disproportion with foreshortened soft palates. In fact, Zori and colleagues 22 reviewed a population of patients with isolated VPI without a clear cause and found positive FISH results in 7 of 23 patients tested. While this group represented a select group of patients followed by a specialty clinic, these findings lend credence to the need for careful evaluation of patients with functional pharyngeal abnormalities without clearly identifiable anatomic abnormalities.
Considering the above, it is not surprising that feeding problems would also be present in a considerable number of patients with the 22q11.2 deletion. These have been well described in prior reports. 3, 23 Poor suck reflexes early in life in addition to nasopharyngeal regurgitation were frequent findings. However, not all feeding difficulties are directly attributable to upper pharyngeal dysfunction. Cricopharyngeal dysfunction, esophageal spasm, and frequent emesis were not uncommon findings in our series. Directly attributable to these feeding difficulties was the frequent diagnosis of failure to thrive. Many of these patients eventually required placement of nasogastric or gastrostomy feeding tubes.
Further confounding the language and communication problems were the frequent findings of chronic otitis media and hearing loss. Typically, a mild to moderate conductive loss was present. This was found in close to 40% of the patients in our cohort. The causes of the hearing loss and chronic otitis media were likely multifactorial, with immune deficiency, palatal dysfunction, Eustachian tube dysfunction, and chronic middle ear effusions 15, 16 all contributing. A smaller subset of patients had anomalies of the middle ear, which appeared to lead to their hearing loss. The percentage of patients with both 22q11.2 deletion and hearing loss, which widely varies in the literature, has been reported as high 75%. 24 The basis for the wide discrepancy is unclear and may simply reflect referral patterns for genetic testing.
VASCULAR AND AIRWAY ABNORMALITIES
While cardiac anomalies are fairly common, head and neck vascular anomalies occur less frequently. Of particular concern to us was the finding of medial displacement of the carotid arteries, which placed them at increased risk of injury during pharyngeal surgery. We incidentally discovered this anomaly in 2 patients, one of whom was noted to have prominent pharyngeal pulsations during a routine tonsillectomy. Because magnetic resonance angiography was not routinely performed on all patients in our cohort, the true prevalence of these findings in our group is unknown. The frequency of this anomaly has been investigated by others and may be much more common than reported here. 3 If gone unrecognized, such medial displacement could represent a potentially life-threatening anomaly during pharyngeal surgery. Therefore, magnetic resonance imaging should be performed on the children with 22q11.2 deletion who are under consideration for any type of pharyngeal surgery such as adenotonsillectomy or pharyngeal flap.
Airway evaluations were occasionally warranted in patients with 22q11.2 deletion because of stridor, apneic episodes, cough, or other evidence of respiratory distress. Primary congenital anomalies of the larynx, trachea, or bronchi were uncommon in our series. The more prevalent findings of subglottic stenosis, vocal cord paralysis, or laryngeal stenosis were each seen in less than 5% of our patients. Airway symptoms were not infrequent sequelae of vascular aberrances including vascular rings, aberrant innominate vessels, and tortuous aortic arches with tracheobronchial compression. Based on these findings, we believe that airway abnormalities were nonspecific, contributing little to the diagnosis of the syndrome, while the aforementioned vascular anomalies warrant further investigation.
While the group of evaluated patients came from a diverse geographic location, there may be certain selection bias inherent in such a select group, such as referral filter or diagnostic assessment bias. 25 The families of patients with more severe findings may seek out the evaluations at a multispecialty clinic. Nevertheless, 100 patients were referred for nonotolaryngologic reasons. Thus, the large diverse group of patients still demonstrates the general otolaryngological characteristics of the syndrome. In addition, diagnostic suspicion bias may have played some role, especially with respect to the screening evaluation of VPI because patients with 22q11.2 deletion may have been expected to have speech problems. However, when VPI was found on screening, further objective testing was performed to confirm these findings. The objective structural and functional palatal abnormalities, diagnosed on physical examination, nasopharyngoscopy, or videofluoroscopy, are less likely to be influenced by expectation.
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